SUMMARY Ninety patients undergoing coronary bypass surgery were studied prospectively by bedside and subsequent ambulatory electrocardiographic monitoring to investigate the incidence, possible causes, and prevention of atrial fibrillation. Patients with good left ventricular function were divided randomly into a control group or groups treated with digoxin or propranolol. In the control group the incidence of atrial fibrillation was 27% and of significant ventricular extrasystoles 3%. Propranolol reduced the incidence of atrial fibrillation (14-8%), whereas digoxin had no effect and increased the incidence of ventricular extrasystoles. Age, sex, severity of symptoms, cardiomegaly, heart failure, previous myocardial infarction, and number of grafts did not affect the result. The operative myocardial ischaemic time was related to the occurrence of atrial fibrillation. There was also a significant relation between atrial fibrillation and bundle branch block. Atrial fibrillation is common after coronary artery grafting; it may be due to diffuse myocardial ischaemia or hypothermic injury. The incidence may be reduced by beta blockade.
The risks of cardiac surgery have decreased in the past decade. The lower mortality, due largely to the lower incidence of intraoperative myocardial injury,' 2 has allowed surgical treatment of mildly symptomatic lesions with a view to improving life expectancy. One result of this has been that the morbidity of heart surgery has assumed greater importance. Cardiac arrhythmias, especially atrial fibrillation, are a common cause of early morbidity causing discomfort to the patient and prolonging hospital stay. The aetiology of postoperative atrial fibrillation is not understood; no reliable prophylaxis is known, and treatment is usually aimed at controlling the ventricular response until reversion to sinus rhythm occurs spontaneously.
This investigation of arrhythmias in patients undergoing coronary artery bypass grafting was carried out to assess their incidence, to identify any aetiological factors, and to observe the effects of antiarrhythmic treatment with digoxin and low doses of propranolol. Patients with coronary artery disease were chosen because they represented a homogeneous group with good left ventricular function. We decided to study the effect of digoxin because this drug is used routinely after cardiac surgery in many units in this
Requests for reprints to Dr M C Petch, Regional Cardiac Unit, Papworth Hospital, Papworth Everard, Cambridge CB3 8RE.
Accepted for publication 19 January 1984 country and of propranolol at a low dose to test the hypothesis that early postoperative arrhythmias might be exacerbated by beta blocker withdrawal and prevented by this form of treatment.
Patients and methods
Consecutive patients undergoing elective coronary artery bypass surgery for angina pectoris were studied. They were randomly allocated to three groups: a control group receiving no specific antiarrhythmic agent, a group receiving digoxin (0.25 mg daily), and a group receiving propranolol (15- The operative data are also detailed in Table 2 . Although there was no relation to the number of grafts inserted, there was a significant (p<005) association between the incidence of postoperative atrial fibrillation and the operative ischaemic time. The Figure shows the cumulative percentage of patients having atrial fibrillation as the ischaemic time prolongs and illustrates the sudden increase in frequency after 50-60 minutes.
Although the postoperative treatment had no significant effect on the incidence of atrial fibrillation those patients taking digoxin had more ventricular extrasystoles (Table 1 ). The incidence of bundle branch block was not significantly different in the three treatment groups, but the overall incidence was high (15-5%). There was a significant association between the occurrence of atrial fibrillation and bundle branch block (Table 2 ) (p<005). 13 14 This has been attributed to improvements in myocardial preservation, particularly the change from coronary perfusion to cardioplegia. 13 1 '16 Nevertheless, whereas in the past decade the incidence of intraoperative myocardial damage has fallen appreciably, the incidence of atrial fibrillation has remained high. This makes the simpler explanations such as direct trauma to the atria or myocardial injury less likely. Postoperative metabolic causes, such as electrolyte imbalance and pericarditis, have also been investigated and appear to have no effect.''7 Furthermore, in our patients the preoperative factors did not appear to influence the incidence of atrial fibrillation.
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We cannot assess directly the likelihood of a beta blocker withdrawal phenomenon because almost all of our patients were taking beta adrenergic blocking drugs before operation. It is our experience with others,'7 however, that postoperative atrial fibrillation is equally common in patients after aortic valve replacement who have not received beta blocking drugs. Moreover, low dose propranolol, which can abolish this phenomenon, had no significant effect. Digoxin is a myocardial irritant, and, although it could have been responsible for provoking either atrial or ventricular arrhythmias, we found no effect on the incidence of atrial fibrillation. Although prophylactic digitalisation after cardiac surgery has been proposed,'8 '9 our experience indicates that this is unhelpful and may increase ventricular ectopic activity. It has been suggested that increased myocardial sensitivity to digoxin after cardiopulmonary bypass accounts for the occurrence of arrhythmias at therapeutic digoxin concentrations,20 and this may have been a factor in our patients who experienced ventricular arrhythmias. The routine use of digoxin after cardiac surgery cannot be recommended.
In our study the most important factor determining the incidence of postoperative atrial fibrillation was the myocardial ischaemic time. This supports a similar previous observation.2 There was a notable increase in the frequency of atrial fibrillation in those patients whose ischaemic time exceeded 50 minutes. Although cardioplegia is theoretically safe for ischaemic times of 120 minutes,2 the relation between the ischaemic time and the incidence of atrial fibrillation suggests that the arrhythmia is a response to myocardial ischaemia. Despite this, the usual markers of myocardial injury were rarely seen; for example, the incidence of transmural infarction assessed by the development of new Q waves was only 2 2%. Such electrocardiographic changes would, however, be expected with major damage involving occlusion of a large vessel. Perhaps atrial arrhythmias result from more diffuse damage secondary to cardiac arrest and artificial myocardial protection.
Transient bundle branch block is common after cold cardioplegic arrest. Right bundle branch block appears to be benign and may be due to the effects of the technique.2' Persisting right bundle branch block or left bundle branch block is less common, carries a more serious prognosis, and is more likely to be due to myocardial injury. 22 The incidence of right bundle branch block in our patients (16%) is similar to that in other studies.2' The association between right bundle branch block and atrial fibrillation in our series suggests a common aetiology for these abnormalities. Transient right bundle branch block is associated with prolongation of the QT interval and J waves early after heart surgery, and it has been suggested surgery. 
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